The present study was designed to provide a basis for teachers and therapists to better understand primary school children's handwriting problems in the face of the complex relationships that exist between literacy skills with the goal to contribute to treatment choices. BJESBS, 12(1): 1-13, 2016; Article no.BJESBS.20703 2 Study Design: A longitudinal, experimental study of handwriting-, literacy-and motor skill development of primary school children. Place and Duration of Study: Two parallel classrooms of a mainstream medium-sized primary school in the Netherlands participated, covering the first three years of handwriting education. Methodology: General performances and intercorrelations between developing spelling, reading and handwriting skills were assessed for 32 children (15 girls and 17 boys) . A standardized handwriting assessment scale was used to measure handwriting speed performance, a nonlinguistic loop-writing task, using an electronic inking pen and a digitizer evaluated motor performance. Reading-and spelling performance was extracted from a national, school-based follow-up system, used by teachers. Results: At group level the results showed an increase in performance for all measures, the performance of the children showed considerable variation. Spelling and reading were positively related within all grades (P = .004; .000 and .005 respectively). Handwriting and reading were positively related within Grade 1 only (P = .003), handwriting and spelling were positively related in Grades 1 and 2 (P = .004 and .001 respectively). The amplitude errors in loop-writing were negatively related to both language measures in Grade 1 (for reading P =. 007, for spelling P = .004) Conclusion: To broaden the view on developing handwriting problems in individual primary school children, it is advised to assess spelling and reading skills as well as motor skills, especially in the second and third grade.
INTRODUCTION
Handwriting is a complex skill, the mastering of which requires several years of formal instruction. About 6 -27 % of typically developing children are reported to experience serious problems in handwriting acquisition where the incidence reported depends on the assessment choices concerning grade and methods [1] [2] [3] [4] [5] [6] . The results of handwriting education, usually offered in the first three years of primary school, depend, among other matters, upon the proper and timely development and integration of perceptual, language, and motor capacities [7] [8] [9] [10] [11] [12] [13] [14] [15] , but each of these cognitive functions is known to develop at its specific rate and with substantial interindividual differences. For example, the perceptual skills of distinguishing and linking sounds to symbols develop at an earlier age than the fine motor skills that produce them [9, 16] . Also when starting school, stages of maturity differ and not every child is endowed with the same talent and experience [3] . To provide primary school teachers and therapists with knowledge to help recognize and understand poor handwriting development in the face of the complexity of literacy skills developing at a different rate, more insight into the relationship between these skills in primary school children is needed.
Over the years several models have been proposed to describe handwriting processes in relation to other literacy skills. Research based on the educational models of handwriting and writing development has highlighted the importance of the underlying cognitive processes. These models matured against a background of educational research [8, 10, 11, 14, 17] . Juel, Griffith and Gough's 'Simple View' of reading and writing [17] was based on a longitudinal study showing that spelling was the most important factor that defined writing performance in first grade. In 2000, Berninger extended the 'Simple View' towards a model of four functional language systems (language by hand, by ear, mouth and by eye) that develop independently, but are interconnected. Here, handwriting and spelling are seen as 'lower-level' transcription skills, whereas text generation and executive functions are considered 'higher-level' cognitive skills [7, 18] . As in Juel's 'Simple View', letter and word production are most important in the early stages of handwriting development, until these processes become automated. A related model is the psycholinguistic model of handwriting by Van Galen [19] , which differentiated several processes involved in handwriting, each process working on a different time scale (activations of intentions, semantic retrieval, syntactical construction, spelling, allograph selection, size control, and muscular adjustment). As opposed to the models by Berninger and Juel, the model by Van Galen, which is most refined in differentiating processes involved in handwriting, has not been applied to handwriting development. Cross-sectional research [20] indicated that handwriting speed increased over the grades. In their longitudinal study Karlsdottir and Stefansson [3] proposed that dysfunction of handwriting speed (4% of their research group) could be explained as a dysfunction due to handwriting quality, while in their longitudinal study, Hamstra-Bletz & Blöte [21] found a strong relation for speed and grade. These studies did not take other literacy skills into account. Taken together, the models and studies suggest that the development of handwriting skill in children aged 7 to 9 primarily depends on the gradual automatization of "lower-level" fine motor, spelling and reading skills. Only when attained to a sufficient level, this generates capacity for mental processes at the higher levels of finding words, phrases and meanings [19, 22] .
The aim of the present study was to widen the perspective on handwriting skill development in relation to the development of literacy and motor skills in Grades 1, 2 and 3. To this end we designed an exploratory, longitudinal study of handwriting acquisition in which we studied the developing relations between literacy and finemotor skills during the first three years of primary school. In order to combine educational progress in reading and writing with motor related handwriting tasks, an existing school-based tracking system for literacy and a known handwriting assessment task were used. Furthermore, we introduced a fine-motor loopwriting task that put pressure on children's capacities to combine spatial and temporal skills that are expected of children in order to write legibly as well as fast enough. Adopting a longitudinal approach highlighted development. Whereas the majority of studies on handwriting acquisition have used cross-sectional designs, the present study concerned 32 primary school children who were first assessed in Grade 1, and then re-examined in Grades 2 and 3.
Our study addressed three questions. The first question concerned the children's language, handwriting and fine-motor loop-writing performance levels in the first three years of primary school. Which performance levels did our participants attain in Grades 1, 2 and 3? The answer to the first question provided the baseline against which questions concerning developing skill interactions could be formulated. The second question concerned the developing relations between language, fine motor skills and handwriting acquisition. Do spelling, reading and loop-writing skills contribute to handwriting acquisition similarly in each grade or are certain combinations stronger in one grade than in another grade? The final explorative question was whether assessments of handwriting performance, reading skills, and fine-motor skills contribute to our understanding of handwriting problems.
MATERIALS AND METHODS

Participants
At the start of the research, all children belonged to two parallel classes of the first grade of a mainstream medium-sized primary school in the center of the Netherlands. Of the 34 children in Grade 1, two children left school at the end of Grade 1 and could not be assessed further. The remaining 32 children (15 girls and 17 boys) were all evaluated three times (first, second and third grade) for all measures. Their mean age was 7;1 (years; months) in Grade 1 (range 6;4 -7;6), 8;1 (7;4 -8;6) in Grade 2 and 9;1 (8;4 -9;6) in Grade 3. Four girls and two boys were lefthanded. All participants had normal hearing and normal or corrected-to-normal vision, were of Caucasian race and had the Dutch language as their first language.
Procedure and Materials
To investigate the interrelationships between developing spelling, reading and handwriting skills the children were assessed in Grades 1, 2 and 3. The first assessment took place in February/March in Grade 1, approximately 7 months after their start in Grade 1 and 3 months after the children had started practicing graphemes with joins for cursive handwriting. They were re-assessed in February/March of Grades 2 and 3.
For handwriting, a standardized 5 minutes copying task was used which provided speed and legibility scores [2, 23] . The copying task was given as group assignment; the results were individually evaluated by one of the authors (I.B-S). Language skills -i.e., reading and spelling achievements -were pulled out of the schoolbased, national organized Dutch follow-up system, used by schoolteachers. The scores for reading and spelling from the first school assessment (January/February) were used for the current analyses. To capture motor proficiency independently from linguistic processing, an existing loop-writing task was used, see: [24, 25] . The children were tested individually by the same administrator (I.B-S) in a quiet room in the school, seated on an adjustable chair, with their feet supported and in a writing position adapted to the digitizer tablet. The task took 45 minutes of time and was also administered in February/March. The primary school's institutional review board approved the study and each year all parents of the participants gave their informed consent and all children agreed to participate. Each child received a little present after each experimental session. Experimental procedures followed the APA guidelines for the ethical treatment of human participants.
Handwriting performance
The Concise Assessment Scale for Children's Handwriting (acronym BHK) was used to assess handwriting speed and legibility [23] . The BHK was tested as a group assignment. Their teacher administered the test, while the children were seated at their own table in the classroom, writing with their own pen in their usual handwriting style. The test consisted of copying a standard preprinted text on a plain sheet of A4 paper during 5 minutes, or five lines if the child is a very slow writer. Handwriting legibility was evaluated by assessing 13 dysgraphia features such as for example letter size, spacing, letter distortion, acute turns, corrected letterforms. Handwriting speed was measured by counting the number of letters produced in five minutes, which can be translated into deciles scores related to the child's grade. A slow writer was defined as a child in deciles 1 -2 of their norm group (<71 letters for Grade 1; < 86 for Grade 2; < 132 for Grade 3), a typical writer as a child in deciles 3 -8, and a fast writer as a child in deciles 9 -10 (>98 letters for Grade 1; >141 for Grade 2; >191 for Grade 3). The interrater reliability of the BHK has been reported to vary between r = .71 and r = .89; intrarater reliability was r = .87 to r = .94 for Grade 2 and r = .79 to r = .88 for Grade 3, while the test-retest reliability was found to vary between .51-.55 [23] . Handwriting legibility performance was not taken into account because the BHK battery does not yield handwriting quality scores for Grade 1 and cannot therefore be used to measures change between grades 1 and 2. At the beginning of this research, the BHK was the most frequently used handwriting test for Dutch children. Although the norms are updated in the recently published shorter version, the BHK norms are still valid. For this research we will focus on differences in handwriting speed.
Language skill measures: reading and writing
A standardized Dutch reading test [26, 27] for technical reading performance (AVI) was used to assess reading ability. The AVI reading score for each pupil is determined twice a year and is arrived at by asking the child to read out loud a number of age-appropriate sentences within a prescribed interval. The AVI score depends on the speed and accuracy of performance. The standardized Dutch spelling measure assesses spelling in 25 words or sentences, varying with age. For Grade 1 the teacher dictates single words with word illustrations on the assignment page. For Grades 2 and 3 the teacher first reads a sentence out loud then a target word is dictated and written down by the children in their assignment book. From mid-Grade 2 on, multiple-choice assignments are included. The child has to find the one misspelled word in four sentences with bold target words [28, 29] .
For each child the follow-up system calculates performance scores relative to 'didactical age', the latter being expressed as the total number of months in school with a maximum of 10 months per year. The raw test scores of reading and spelling are thus converted into a learning output percentage, which reflects the development of the norm group as well as the child's place within the norm group. It gives information on the reading and spelling levels and their progression in relation to the population. A learning output percentage of a 100% means that a pupil meets the learning demands of his/her grade, a higher percentage reflects that the pupil learns faster, and a lower percentage reflects he/she is a slower learner in relation to the demands of the grade. We used the learning output percentage scores for the spelling and reading measures.
Loop writing performance
Loop-writing performance was evaluated using a non-linguistic loop-writing task performed with an electronic pen (Intuos3) on a digitizer (WACOM A4 Oversize tablet), which sampled the X-Y coordinates of the pen tip position at 200 Hz. The children were asked to draw loops of different height (12, 9, 6 and 3 mm, reflecting the gradual diminishing line width used in the school system) on sheets of paper with lines indicating the target heights. The task was paced by means of an acoustic signal of either 1, 2 or 3 Hz to assess the degree to which the children were able to generate requested loop amplitudes under increasing timing constraints. The pacing signal changed sinusoidal in intensity across a clearly audible range (approximately 60-70 dB; tone pitch 330 Hz). Without the influence of linguistic demands, the higher pacing frequencies challenged the children's amplitude production accuracy, which we assumed to increase the sensitivity of our assessment of the fine motor coordination required for producing handwriting.
A trial consisted of six repetitions of 18 loops using the twelve amplitude-frequency combinations, which were presented at random leading to a total of 1296 loops per experiment in Grades 1, 2 and 3 (i.e., a maximum of 3888 loops per child). Before the experiment started, the children were allowed to practice the task a few times to get comfortable with the experimental procedure and task requirements. For this purpose, in Grade 1 each of the three frequencies was performed twice, using the 9 and 12 mm loop patterns, thus yielding 12 practice trials in Grade one. In Grades 2 and 3 each of the three frequencies was practiced twice, using only the 9 mm loop pattern (6 practice trials) For details see [25, 29] .
Data Analysis and Statistical Procedures
Preprocessing of the digitized loop writing movements involved linear interpolation of missing data points, 2 nd -order, zero phase-lag Butterworth filtering with a cut-off frequency of 8 Hz and finding, by means of an automatic peakdetection algorithm, the extrema in the vertical pen-tip displacement data. The detection of extrema was visually checked, yielding a total of 1.78% trials (n=419) that were rejected. Subsequently, for each loop the differences between the instructed and performed amplitude, frequency and the standard deviation of the relative phase were calculated. For an extensive description of the analysis of the kinematic data see references [25, 29] .
Performance measures reflecting handwriting speed, reading and spelling levels, and finemotor skill were determined for each child individually. Between-subject variability within a grade was expressed in standard deviations and coefficient of variation.
Between-grade performance changes were calculated by subtracting, per child, the scores obtained in Grade 1 from those measured in Grade 2 (and the scores from Grade 2 from those in Grade 3) such that for both grade differences positive scores reflected improvement in performance.
To determine the interdependencies between the investigated literacy and motor skills we choose Kendall's tau rather than Pearson or Spearman correlation coefficients, for its non-parametric properties, the absence of linear relationships between variables and the small sample under investigation [30] . The correlations between the test scores were calculated per Grade. To determine the interdependencies between the changes in the literacy and motor skills between Grades 1 and 2 and the changes of these skills between Grades 2 and 3, Kendall's tau was also determined between the difference scores between Grades 1 and 2, and the difference scores between Grades 2 and 3. To assess the developing relations between handwriting and literacy skills in slow hand writers in particular, we identified in Grade 1 slow writers according to the BHK (i.e. scoring in the 1 st or 2 nd deciles of the norm group).
Analyses were conducted in SPSS-22 with statistical significance level α = .05.
RESULTS
The general performance of the children for the handwriting-, language-and loop-writing performance for each grade, expressed in mean, standard deviation (SD), the coefficient of variation (CV), the minimum and maximum and confidence interval of the mean (CI), are shown in Table 1 . Over the three grades the performance in handwriting increased. For reading and spelling the children increased their competence in reaching the requirements of their grades (the mean learning percentage for spelling decreased relatively in Grade 3, but still met the requirements for this grade), and the errors and the variability in coordination in the loop-writing task decreased (see Table 1 ).
The change in performance between Grades 1 and 2 and between Grades 2 and 3 for the handwriting, language and motor indices are reported separately in Table 2 . For the handwriting speed and language scores a positive difference score reflects performance improvement, for the motor capacity scores the reverse is true because the measures concern error scores and coordination variability. The pvalues of Table 2 test whether the means  reported in the previous table, Table 1 , are different. As displayed in Table 2 , all literacy and motor scores improved significantly between Grades 1 and 2. The standardized effect size was large for handwriting speed (d = 2.19) but weaker for the other variables (|d| between 0.40 and 0.69). Between Grades 2 and 3, there was a significant improvement in handwriting speed, frequency error and coordination variability, but not in reading, spelling, and amplitude error. The standardized effect size was large for handwriting speed (d = 1.92) but not for frequency error and coordination variability (d = -0.36 and -0.57, respectively).
The rank-order correlations (Kendal's tau) between the handwriting speed production, language and loop-writing performance measures for each grade separately are given in Table 3 . In Grades 1, 2 and 3 there were statistically significant positive correlations between the reading and spelling measures, (τ = .35, .49 and .33 for Grades 1, 2 and 3; P = .004; .000 and .005 respectively). Reading showed a significant positive correlation with handwriting speed in Grade 1 only (τ = .37, P = .003), while spelling showed a significant positive correlation with handwriting speed in the first and second grade (τ = .36 and .39, P = .004; .001 respectively). For the motor performance domain in the loop-writing task, the error in amplitude was negatively correlated to both language measures, but only in Grade 1 (for reading τ = -.33; P = .007, for spelling τ = -.36; P =.004). Over all three grades, the frequency errors in loopwriting performance showed a significant positive correlation with the variability of coordination in this task (τ = .73, .71 and .78 for Grades 1, 2 and 3; all Ps =.000). Note. SD = standard deviation; CV = coefficient of variation; LL = lower limit; UL = upper limit. The rank-order correlations (Kendal's tau, one tailed) for the change in performance of handwriting in relation to literacy and motor skills within grade 1-2 and within grade 2 in Table 4 . Within Grade 1-2 there was a weak but significant negative relationship for handwriting speed and learning percentage for reading τ = -.27, P < .018. Within Grade 2 there existed a weak, but significant positive relationship between handwriting speed a amplitude errors in loop writing τ = .24,
The development of the literacy skills for children with slow handwriting speed in Grade 1 as compared to the other children is presented in Fig. 1 . In Grade 1 the slow writers were those children whose handwriting speed scored in the 1 st and 2 nd deciles of the BHK as defined in the 1987 norm group. The other children's handwriting speed ranged between the 3 deciles on the BHK. Twenty-four children (75%, 13 girls and 11 boys) proved slow write whereas 8 children (4 boys and 4 girls) were not. This categorization of children on the basis of . 1 8 correlations (Kendal's tau, one tailed) for the change in performance of handwriting in relation to literacy and motor skills n grade 2-3 are given 2 there was a weak but significant negative relationship for handwriting speed and learning percentage for < .018. Within Grade 2-3 there existed a weak, but significant positive relationship between handwriting speed and τ = .24, P < .027.
. Literacy and motor development as a function of handwriti A: Handwriting speed as a function of grade for hand writers who are slow (solid line) or typical (dashed line) in Grade 1 as measured by the BHK. This handwriting of the participants is maintained in B
The development of the literacy skills for children with slow handwriting speed in Grade 1 as compared to the other children is presented in In Grade 1 the slow writers were those se handwriting speed scored in the deciles of the BHK as defined in the 1987 norm group. The other children's handwriting speed ranged between the 3 rd -10 th four children (75%, 13 girls and 11 boys) proved slow writers whereas 8 children (4 boys and 4 girls) were not. This categorization of children on the basis of handwriting speed in Grade 1 was used to track the development of literacy and motor skills of both groups over the three years of development. Panel A (Fig. 1) shows an increasing handwriting speed over the three years, whereby the slow children in Grade 1 (straight line), remained relatively slow in Grades 2 and 3. For the development of reading and spelling performance (panel B and C) the two groups started at a different level but attained equal or nearly equal performance levels in Grade 3.
DISCUSSION
In this exploratory longitudinal study 32 children were followed in three successive years with respect to their handwriting speed, reading, spelling, and fine motor skills (loop group means unfolded the following pattern. From Grade 1 to Grade 3 the children showed marked progress in writing speed that was fairly consistent across individuals. The improvements in reading, spelling learning performance and loop writing were less consistent. handwriting speed in Grade 1 was used to track the development of literacy and motor skills of both groups over the three years of development. 1) shows an increasing handwriting speed over the three years, whereby the slow children in Grade 1 (straight line), remained relatively slow in Grades 2 and 3. For the and spelling ) the two groups ed at a different level but attained equal or nearly equal performance levels in Grade 3.
correlations of the changes in performance of reading, spelling amplitude errors, frequency errors and variability of coordination (Loop-writing) in relation to ting speed measures, between Grades 1-2 and between Grades 2-3, separately
In this exploratory longitudinal study 32 children were followed in three successive years with respect to their handwriting speed, reading, and fine motor skills (loop-writing). The group means unfolded the following pattern. In Grade 1, handwriting speed had a significant positive correlation with reading, spelling, and the coordination variability dimension of loop writing. In Grade 2, handwriting speed had a significant positive correlation with spelling but not with any of the other variables. In Grade 3, handwriting speed had no significant correlations with the other measures. These results suggest that handwriting develops into an autonomous skill that in Grade 3 becomes independent of other cognitive components. Thus, while handwriting shares cognitive resources with reading and language production skills in the first grades, it depends on its own specialized resources in the third grade. These results are in line with Berninger [7] who formulated four functional language systems that are interconnected, but show an independent development [31] . Alternatively, these lower correlations in Grade 3 can be explained by assuming that in this grade, unlike in Grade 1 and 2, the children's spelling capacities start to match the difficulty of the transcription task. Furthermore, slow handwriting speed in Grade 1 not only persisted in Grades 2 and 3, but also was indicative for a lower spelling performance in Grades 2 and 3.
The high number of children with a slow handwriting speed development in Grade 1 was remarkable. The results and interpretations of handwriting speed measurements strongly depend on the test battery used and the moment of assessing skill performance within the school year [19] [20] [21] [32] [33] [34] . The fact that 75% of the children initially scored in the deciles 1-2 might be due to the timing of our assessment, which took place in February/March, whereas the norm sample of Hamstra-Bletz [23] was tested in June. In literature the development of legibility is unambiguous, the quality of handwriting for girls is better than for boys. Differences in handwriting speed between boys and girls however, are not as clear [1, 3, 20, [35] [36] [37] [38] . In our cohort there was no difference between boys and girls for the development of handwriting speed. This finding is in agreement with Feder's research [1] .
The findings in this study confirm the moderate but systematic connection that exists between reading and spelling, at least as far as they develop in the first three grades of primary school. These results are comparable to the results of the longitudinal study by Abbott [8] , in which a spelling to word-reading relationship was found [7, 39] , although the handwriting task (PAL, Alphabet Writing) that was used in Abbott's research is not the same as the transcription task used in this study. These findings underline the necessity to look not only at the motor performance side of handwriting, but also at the development of reading as well as spelling if handwriting does not develop as expected by the teacher.
There are several limitations for this exploratory developmental study. The learning conditions were not experimentally manipulated in this study. For this reason it is not possible to draw strong conclusions about causal relations. However, if the suggested explanation of the handwriting skill becoming increasingly more automatic in Grade 3 were correct, one would predict differential effects of tasks that introduce difficulties in reading or spelling. For example, writing non-words would have a larger effect in Grade 1 than in Grade 3. Furthermore, a delay or deficiency in the development of reading or spelling might either slow down development or trigger an alternative developmental path for these skills, since reading and spelling are different in sensory input [39, 40] .
Caution is due with the interpretation of 'learning %' used for the spelling and reading task. These scores are no direct performance scores from spelling and reading tasks, but a reflection of the progress, stability or decline of these abilities over the year, compared to the learning demands of a grade for an individual child. Thus, the nonsignificant difference between Grades 2 and 3 for spelling in Table 2 does not mean a lack of progress in their spelling performance, but rather that their progress was average. Learning percentages are useful for individual children, since they signal fluctuation in the capacity to comply with the grades performance levels.
Further research on the individual development of children concerning the relationships between handwriting skills and language development as well as growth across the grades of reading, spelling and motor skills is warranted. Differences in individual capacities and adaptability within children belonging to one grade need to be looked into in order to make solid choices for remediation. Nowadays most handwriting research is concentrated on differences between normal and dysgraphic handwriting development and kinematic features of these differences, for example as shown by Chang & Yu and others [41] [42] [43] , while interactions between language and writing are covered by many authors [44] [45] [46] . However, studies that combine the underlying skills of handwriting development in school settings, aimed at the interactions at the level of developing skills are scarce. An exploratory study is a start to reach these goals.
Implications for Primary Education
For teachers and therapists, slow handwriting speed development, is often a first indication that the complex skill involving perceptual, motor and language capacities might show an unexpected delay. Children in the first years in primary school are generally not yet (fully) diagnosed for possible learning disorders. Assessment of handwriting might therefore be a good starting point for differentiating learning disorder. Since slow handwriting speed development in Grade 1 is, at least for this group and at this moment in their education a common occurrence, it presumably is not an indication of spelling or reading difficulties. In handwriting assessments the timing of assessment in first grade is essential. Depending on the school curriculum, handwriting, spelling and reading all have their different and individual developmental timespan. At the end of Grade 1, typical developing children should be able to reach acceptable handwriting speed. At the end of Grade 1 and in Grades 2 and 3, literacy skills should be taken into account when assessing an individual child's handwriting performance, since slow handwriting speed is not prevalent in these grades and handwriting speed performance in relation to spelling and reading capacities offer a wider perspective on motor performance in the context of educational goals. Assessment of handwriting development in a school setting could be further deepened by kinematic analysis of handwriting movements using dual task measurements for perception (visually and auditory) and action (by hand), as measured in the loop-writing task used in this study. Line spacing constraints are often prescribed and incorporated in the handwriting method in the Netherlands to induce normative handwriting size. Differences in capacities to cope with speed and precision should also be taken into account when defining line spacing instructions.
The inclusion of a device for kinematic analysis of children's handwriting movements in a school setting is not unthinkable in the near future, since data analyses become more and more sophisticated and easy to achieve [47], although interpretation of the data might need a remedial team consisting of teachers and pediatric therapists.
Although legibility has not been taken into account in this study, for purposes of diagnosis and treatment it seems important to track legibility alongside speed even though legibility develops sooner than speed and both need different therapeutic approaches [3] .
CONCLUSION
The interrelations between developing handwriting speed and the literacy skills reading and spelling in the first three grades of primary skills were moderate but systematic, and more important than the slowly developing fine-motor skills. Development of slower handwriting speed in Grade 1 was likely to persist in Grades 2 and 3, which was correlated with reduced capacity to comply with the learning demands for spelling. As a basis of teachers' and therapists' judgment it is advised to assess the pupil's handwriting as well as reading and motor skills, while recognizing the fact that assessment timing might define the outcomes.
